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Abstract—The reverberation time has been measured in a Il. MATERIALS AND METHODS
reverberation chamber for different loads and for a cross polarizd . .
transceiver at the frequency of 1.8 GHz. We determine the A Presentation of the reverberation chamber
whole-body absorption cross section of a canonical phantom using A Steered-Mode Reverberation Chamber is a fully-closed

a maximume-likehood high-resolution channel parameters estimator . . L - . -
" RIMAX - and good agreement has been obtained with the result metallic cavity which is oversized with respect to the inigeted

from the numerical simulations. The relative error between the Wavelength. It operates over a large frequency bandwidth (1

simulated values and the RIMAX based measured values is less18 GHz) depending upon its dimensions and volume. Due to the

than 1.3 %. cavity effect, there exists a working volume away from thdlsva
wherein the electromagnetic fields are statistically umifcfor

Keywords: Reverberation chamber, reverberation time, diffuse all measurement points, directions and electromagnetictisgn

multipath components, maximum-likelihood high-resolution channel

parameters estimator, whole-body absorption cross section. source positions. The uniformity of the fields is obtained vi
a rotating mechanical pale inside the chamber that steers th
[. INTRODUCTION electromagnetic modes.

EVERBERATION chambers have been primarily used for théhe measurements were performed at the University of Lilie 1
R measurements of the electromagnetic compatibility (EMc?¢ TELICE research group reverberation chamber. The bever
The electromagnetic fields (EMF) are diffuse in a revertienat ating chamber dimensions are 2.8 m x 5.7 m x 41 m (H x L x
chamber due to the richness of the environment in multiptagpa ) and 65 ni volume.

This characteristic enhances the performances of the plaulti
input multiple output (MIMO) channels and the reverbenatio
chambers have been therefore used for the wireless MIMO-chanThe study has been carried out at the central frequency of
nels characterization [1]. Reverberation chambers haea béso 1800 MHz within a bandwidth of 100 MHz.

used to calculate the absorption cross section of lossyctsbjeThe measurements have been performed with four cylindrical
under a plane wave illumination, which is a crucial inforinat phantoms in polyvinyl chloride (PVC) located arbitrary inet
when assessing an antenna radiation efficiency locatee ¢tos working area of the reverberation chamber. A phantom has an
lossy object such as a head phantom. inner radius of 119.5 mm and an outer radius of 124.5 mm
We recently developed a method to determine wimle-body (thickness=5 mm) and a height of 1500 mm. We used a tissue
absorption cross section(ACS,;) of a in a realistic environ- equivalent liquid that has similar dielectric propertié¢gn the
ment [2] and validated it via numerical simulations in [3hel body tissue parameters specified in [5], and filled the phmasto
ACS,,, determination was based on the room electromagnetith it. The liquid has a relative permittivitye,=57.74, a

[4] assumption in the investigated environments. The tes@tion conductivity 0=1.47 S/m and a mass density @£1000 kg/nd.
chamber is the perfect environment wherein the properfigkeo The dielectric properties of the liquid were measured using
room electromagnetics theory can be emulated since theythedewlett Packard HP85070A dielectric probe kit with a Hewlet
only supposes one specular component - the Line Of Sight wHaackard HP8753D network analyzer. As transceivers, twdb2ou

it exists - the remainder is supposed to be part of the diffulédge Guide Horn Antennas of type SAS-571 were placed in
multipath component (DMC). The method we developed relies ¢he reverberation chamber in such a way that there was no line
a manual algorithm to determine the room reverberation tim Of sight view. Because we want to determine the whole-body
thereby the human AGS. An analytical and automatic algorithmACS,, in complete diffuse fields, the specular components -
which would be more stable and more reliable is importaftainly the LOS component - have to be discarded from the
in order to determine accurately the whole-body AGSf a power delay profile (PDP), justifying thereby the antennass
phantom located in the reverberation chamber. polarization.

The object is to investigate the AGS of a canonical phantom

- through measurements in a reverberation chamber - by using ) o )

the well known maximum-likelihood high-resolution chahpa- C- Presentation of the channel parameters estimation algorithm
rameters estimator: RIMAX. The paper is organized as fatow Recent studies have shown that the wireless narrow band radi
we introduce the materials and the methodology in Section ¢hannelh can be understood as a superposition of deterministic
Section Il presents the result of the measurements as wélea specular components(®©) and stochastic dense multipath com-
simulations result. Finally, conclusions are drawn in BectV.  ponentsd(©y,,.), which include diffuse components [6]. Here,

B. Presentation of the materials and measurement set up
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O, and O4,,. are the set of parameters that fully describe tk 2 2500
propagation mechanisms.

h = $(0sc) + d(Odme)

The sampled response vector C*7*!(whereM; corresponds
to the number of frequency points) is assumed to follow
multivariate circular symmetric complex Gaussian procegh
means(0,.) and covariancé(O 4.,..):

1 2 3
h NC(S(@sc), R(@dmc)) Number of phantoms (load)

As it can be seen in Fig. 2-4 of [6], the DMC powex(r) as Fig. 2. Reverberation time values for different phantoms ia tbverberation
’ ! chamber

function of time delayr is described by an exponential decay:
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properties. The highest value of the reverberation timebtained

In (1), a1, B4, 74 and «p are the four parameters which fullyin the empty room whereas the lowest value is obtained when th
describe the DMC and are gathered into the DMC parametdtamber has the maximum load, i.e., 4 phantoms. The presence
vector [6]. This parametric description of the channel éesb of a phantom in the chamber increases the absorbing area of th
the use of maximum-likelihood high-resolution channelgpagter EMF, causing a fast decrease of the energy in the chambehwhic
estimation algorithms, such as RIMAX. in turn results in a low reverberation time.

The first step is the determination df;, which is the slope Knowing the reverberation time values for the differentdsawe

of the decaying tail of PDP. Note that; is the inverse of the used the methodology in [2] to determine the whole-body ACS
reverberation time. Since the reverberation time of themttex of a phantom. We obtained an experimental whole-body A3

is obtained by processing the measured data with the RiIMAX621 nf whereas a whole-body AGS of 0.629 n? is obtained
algorithm, we applied the same method as in [2], [3] to deteem from the numerical simulation, leading to a relative errbt.@7%.

the whole-body absorption cross section of the cylindrjatan-
tom. Furthermore, we determined the whole-body Ag8f the
cylindrical phantom through numerical simulation for daion ~ We determine the whole-body absorption cross section (ALS
purpose. The Finite Difference Time Domain (FDTD) solvepf & phantom in a reverberation chamber using the RIMAX
SEMCAD-X is used to compute numerically the whole-bod§stimator. The numerical simulations result of the samenfuima
ACS,,;, of the phantom from its whole-body specific absorptioR@s shown that the high resolution algorithm RIMAX gives an
rate (SARub) (Section D of [2]) The p|ane waves are assumw(cenent estimation of the phantom Whole-body AGSince a

to be in the horizontal p|ane (no e|evation) in the simulatiool. relative error of 1.27% is obtained. Future research wifisist of
The same dielectric properties used in the reverberatiambler the determination of the whole-body absorption cross sedf a
are used in the simulation settings. The numerical wholéybohuman for different postures, which is useful for human #jec
absorption cross section of the cylindrical phantom is cdsepl of absorption rate assessment in a realistic environment.

the ACS of the cylinder contour and the ACS of the cylindeojs t
since these are the exposed surfaces in the reverberatombein.

IV. CONCLUSIONS
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Fig. 1. Power Delay Profiles in the reverberation chambersé&pmlarization)

reverberation time is determined using the RIMAX estimaidre
result in terms of the reverberation time is shown in Fig 2slt
clear from Figs 1, 2 that adding a load in the chamber changes i



